Introduction-Accuracy and effectiveness analyses of mass casualty triage systems are limited because there are no gold standard definitions for each of the triage categories. Until there is agreement on which patients should be identified by each triage category, it will be impossible to calculate sensitivity and specificity or to compare accuracy between triage systems.
Introduction
Mass casualty incidents (MCI) occur when the medical needs of multiple victims overwhelm the available medical resources. These events range from motor vehicle crashes to largescale disasters. Due to resource constraints during an MCI, healthcare providers must alter their approach from providing maximal care for a single victim to providing the best care for the greatest number of victims. Mass casualty triage systems exist to assist medical providers in prioritizing MCI patients for treatment and transport so that finite resources can be appropriately allocated. Accurately triaging MCI victims may improve survival and outcomes. 1 Multiple mass casualty triage systems are currently used throughout the United States and around the world. 2 The Model Uniform Core Criteria (MUCC) for Mass Casualty Triage was developed in an effort to standardize mass casualty triage across the United States and improve interoperability. 3 The development of MUCC was based on the available literature, but that process also revealed the paucity of literature in this area. 4 The lack of a defined gold standard for what is the "correct" triage category given a patient's ultimate resource use is one barrier to advancing the science of mass casualty triage, as it is impossible for investigators to effectively evaluate or compare existing mass casualty triage systems. Most studies of triage accuracy are based upon the expected answer as assigned by an experienced user of the triage system, rather than the actual medical resource use by the patient. [5] [6] [7] [8] [9] [10] [11] If a functional gold standard definition for each mass casualty triage category existed, it could be objectively determined if a patient should have received the category he or she was assigned.
There have been a few studies that have attempted to evaluate triage systems using a functional gold standard. In 2001, Garner and colleagues modified previously developed criteria for identifying critically injured trauma patients and used it to determine the sensitivity and specificity of a variety of mass casualty triage systems in identifying patients who should be triaged as "immediate". 12 Wallis and Carley replicated this methodology in a study of pediatric triage and additionally used an Injury Severity Score of 15 or greater as a secondary outcome measure for identifying immediate patients. 13, 14 However, the outcome measure used in these studies was limited to the evaluation of one triage category (immediate) when the objective of mass casualty triage is to sort patients into five categories that prioritize them for treatment and transport. In 2007, Kahn et al. expanded this work by further modifying the trauma criteria used by Garner and colleagues to study the accuracy of mass casualty triage following a train crash disaster. Kahn and his colleagues also expanded on Garner's work by defining the triage category "delayed" as being the correct assignment if the patient was admitted to the hospital for at least 24 hours. 15 To our knowledge, the outcome definitions used by Kahn and his colleagues were author-defined and were not vetted by other experts in the field or externally validated.
Currently, there is no uniformly accepted gold standard for defining mass casualty triage categories, and this hinders the scientific advancement of mass casualty triage. The objective of this study was to develop a consensus-based, functional gold standard definition for each mass casualty triage category defined in the MUCC (i.e., immediate, delayed, minimal, expectant, dead).
METHODS
The literature on field trauma triage and mass casualty triage was reviewed and a list of previously used triage category criteria was generated. Simultaneously, local and national experts were recruited to participate in the project through the lead author's contacts and their suggested contacts. To be considered for the panel participants needed to have an established career in disaster response at the national or local level. Each person was sent an e-mail inviting him or her to participate on the panel.
Semi-structured key informant interviews using the findings of the literature review as a basis for discussion were then conducted to build an initial list of potential criteria for consideration as the gold standard definitions for each of the mass casualty triage categories. Participants were interviewed by phone or in person in order of their availability by the two leaders of the project (EBL and CHM). The interviewees were blinded to the responses of the other panelists. The interviewers read each potential criteria for each category and asked if it should be used as a gold standard or modified. The interviewees were also asked to suggest any additional criteria. After each interview, the additional criteria were added to the list but none of the criteria were removed. The interviews continued until no new criteria were suggested.
After the interviews were completed, a modified Delphi technique was used to refine and reach consensus on the list of criteria obtained during the interviews for each triage category. The Delphi survey method is used to solicit the opinions of diverse groups of experts and to provide an objective measure of consensus. 16, 17 Our survey was delivered to the panelists using Survey Monkey®. In the initial voting rounds, participants could add, remove, or modify criteria. After each voting round, edits were made to the criteria and participants were again asked to add, remove, or modify criteria. The voting rounds continued until no new criteria were suggested and at least 80% agreement was achieved for each of the criteria.
RESULTS
Thirteen local and national experts agreed to participate on the panel (Table 1 ). After six key informant interviews were conducted, it appeared that no new criteria were being suggested. These criteria were incorporated into a modified Delphi survey and distributed online to all thirteen panelists. Three rounds of voting were performed (Table 1) . Twelve panelists participated in the first round, 12 in the second round, and 13 in the third round. After the first two rounds, the criteria were modified according to respondent suggestions. In the final round, over 90% agreement was achieved for all but one criterion. This final criterion was further edited and a single e-mail vote was conducted to determine consensus. Agreement was obtained from 100% of the panelists for the edits to this criterion. A consensus-based gold standard definition was successfully developed for each of the mass casualty triage categories (Figure 1 ).
DISCUSSION
This project developed a list of EMS and hospital-based treatments that can be used to define the specific mass casualty triage category a patient should have been assigned. These gold standard definitions are not intended for use during clinical practice, but are intended to be used for quality improvement or research. That is, they define which triage category is the "right" one after everything is known about the victim's medical needs and diagnoses. Mass casualty triage systems were developed as a tool to assist providers in recognizing patient needs based on limited information and diagnostic equipment without the benefit of hindsight. Regardless of how robust a mass casualty triage system is, it is unlikely to be 100% accurate when used in a real-world scenario. This project allows researchers and other evaluators to start making objective and reproducible assessments of mass casualty triage tools and to further the science in this field to ultimately improve patient outcomes.
The criteria in our functional gold standard definitions are discrete interventions or conditions that are likely to be well documented in a patient's medical record. Therefore, this quality improvement/research tool can likely be used even by investigators with limited resources.
We approached this work from an all-hazards perspective, and therefore considered clinical scenarios involving chemical and radiologic contamination. However, we did not consider decontamination triage and recommend it as a topic of further study.
We also postulated a mass casualty scenario with a single, centralized scene and did not take resource limitations into account in developing our definitions. Part of the process of assigning the expectant category requires providers to account for resource limitations. Therefore, our gold standard for the expectant category only identifies those patients who would be considered expectant under any condition. The user will need to evaluate the scenario they are reviewing to determine the resource limitations and make any adjustments that might need to be made to the definition for this category based on those limitations. It seems likely that these decisions will need to be made on a case by case basis, but further work in this area may help to improve this process. This project has several limitations. The gold standard definitions were developed by a panel of local and national experts. While this panel had a variety of backgrounds and experiences, it may not have represented a broad enough view on the topic. Ideally, this work will need to be vetted by a broader range of stakeholders and externally validated, especially since the Delphi process may suppress outlying opinions. Further, these definitions have not been operationalized and used during an actual medical record review. We speculate that the identified criteria can be easily obtained for all patients, but this needs to be formally demonstrated along with determining the inter-and intra-rater reliability.
CONCLUSION
A consensus-based, functional gold standard definition for each mass casualty triage category was developed. These gold standard definitions can be used to evaluate the accuracy of mass casualty triage systems after an actual incident or during training; and will be a valuable tool for advancing the science of mass casualty triage. 
Gold Standard Definitions for Each Mass Casualty Triage Category
Note: additional criteria may need to be added to the Expectant category based on resource availability during the MCI being evaluated (real-world or simulated). Lerner 
